Aims: To describe the real-world use and effectiveness of IDegLira, a fixed-ratio combination of the basal insulin degludec, and the glucagon-like peptide-1 receptor agonist (GLP-1RA) liraglutide.
| INTRODUCTION
IDegLira is an injectable, fixed-ratio combination of the basal insulin degludec, and the glucagon-like peptide-1 receptor agonist (GLP-1RA) liraglutide, for the management of type 2 diabetes (T2D). 1 The benefits of the free combination of basal insulin and GLP-1RA
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therapy are well established, [2] [3] [4] [5] [6] [7] [8] and are recommended in the latest guidelines for the management of T2D. 9, 10 The more recent availability of fixed-ratio insulin/GLP-1RA combinations allows the combination of basal insulin and GLP-1RA without the burden of multiple daily injections. 11 Specifically, IDegLira is administered once daily, independent of meals, as dose steps. One dose step contains 1 unit (U) of insulin degludec and 0.036 mg of liraglutide. The maximum daily dose of IDegLira is 50 dose steps (50 U insulin degludec and 1.8 mg liraglutide). 12 The efficacy and safety of IDegLira has been evaluated in patients with T2D and suboptimal glycaemic control on oral antidiabetic drugs (OADs), GLP-1RA therapy and basal insulin therapy in the phase III DUAL clinical trial programme. 1, 13 DUAL I-VII demonstrated that IDegLira combined the clinical advantages of both mono-components to reduce both fasting and prandial blood glucose levels and, furthermore, mitigated the major side effects associated with insulin (hypoglycaemia, weight gain) and GLP-1RA therapy (nausea). [14] [15] [16] [17] [18] [19] [20] Based on findings from these trials, IDegLira has been approved for use in Europe (since September 2014) and the United States (since November 2016). 12, 13, 21 In the United States, IDegLira is approved as an adjunct to diet and exercise to improve glycaemic control in adults with T2D inadequately controlled on basal insulin (<50 U daily) or liraglutide (≤1.8 mg). 21 In Europe, IDegLira is approved to achieve glycaemic control in combination with OADs when these alone, or when combined with a GLP-1RA or basal insulin, do not provide adequate glycaemic control. 12 Additional DUAL trials are planned or ongoing, including those that will compare the safety and efficacy of IDegLira with other intensification strategies. 22, 23 In contrast to the accumulating data from clinical trials, real-world evidence on IDegLira is limited. Findings from an observational study in patients with T2D and suboptimal glycaemic control on >2 OADs and >1 injection/day at a single Swiss centre (n = 61) showed that IDegLira resulted in glycated haemoglobin (HbA1c) reductions, weight loss and a reduced total insulin dose after 6 months' treatment compared with baseline. 24 Similar results were also observed in a small (n = 12) UK study 25 ; however, real-world data from a larger patient population that is more varied, in terms of baseline therapy, region and number of centres involved, is needed and may help to inform the prescribing decisions of clinicians. uncontrolled on basal insulin) and Switzerland (for patients with T2D
uncontrolled on metformin or basal insulin and with body mass index >28 kg/m 2 ), whereas in Austria, individual reimbursement was required and in Germany, full reimbursement was available. Eligible participants were adults with T2D who had initiated IDegLira at least 6 months before enrolment in the study ( Figure S1 ). All patients who received at least one prescription of IDegLira were considered for study participation, including those who had discontinued IDegLira at the time of patient selection. The minimum available data were:
HbA1c readings at (1) 
| Outcome measures
The primary objective was to assess IDegLira's effectiveness in control- Hypoglycaemic events were those recorded by the investigator, based on the information in the medical records. Severe hypoglycaemia was defined as an episode requiring the assistance of another person to actively administer carbohydrate, glucagon or other corrective actions. Nocturnal hypoglycaemia was defined as any event in which the words "nocturnal" or "night" (or their equivalent in the local language) were used in the patient records.
| Statistical analyses
Baseline characteristics and demographics were reported as mean (SD) or percentage, as appropriate, and were based on the full analysis set (FAS), as were reasons for initiation and discontinuation of IDegLira. All effectiveness and safety data were based on the effectiveness analysis set (EAS; all patients already included in the FAS having continued IDegLira for at least 6 months after initiation), unless otherwise stated. Descriptive statistics of continuous variables were compared using a two-tailed paired t test. Logistic regression was used to model the achievement of specific HbA1c targets before and after exposure to IDegLira. Hypoglycaemia rates for the first 6 months after initiation of IDegLira treatment were compared with the 6-month period before IDegLira initiation, and analysed using a
Poisson regression model.
| RESULTS

| Study population demographics and clinical characteristics
A total of 611 patients were included in the study (FAS), of whom 566 (93%) continued IDegLira for at least 6 months (EAS). Baseline demographics and clinical characteristics are presented in Table 1 .
Baseline regimens included non-injectable therapies (OADs only or Table S1 . The majority of patients (87%) presented with at least one comorbidity at baseline, the most common being hypertension (76%), dyslipidaemia (48%) and sensory-motor neuropathy (38%).
| IDegLira use in real-world setting
The primary reason for initiating IDegLira (Figure 1 ) was insufficient efficacy of the previous treatment regimen (71.8%), followed by problems with weight gain (26.5%).
The starting dose of IDegLira varied from 10 to 80 dose steps, with the majority (83.7%) of patients being initiated on between 10 and 30 dose steps IDegLira, and 10 patients (1.8%) receiving >50 dose steps (Table 2) . Overall, the mean (SD) dose of IDegLira was 30.2 (12.9) dose steps at 6 months (n = 566), and 32.0 (13.6) dose steps at 12 months (n = 323). In all baseline therapy subgroups, titration of IDegLira was moderate after 6 months; change in IDegLira dose from baseline to 6 months was 8. dose steps (MDI; Figure 2A ). The maximum dose of 50 dose steps IDegLira was reached or exceeded by 38 patients at initiation and 62 patients at 6 months' follow-up. In total, 67 patients received ≥50
dose steps IDegLira at either initiation or within 6 months (11.8%). Of these patients, most came from the free combination of insulin and GLP-1RA (n = 31) or MDI subgroups (n = 15) and the majority (n = 47)
did not increase their dose of either IDegLira or any other injectable therapy once they had reached 50 dose steps IDegLira. thresholds (≤48, <53, <59 and <64 mmol/mol [≤6.5%, <7%, <7.5% and <8%]) at 6 months (17.3%, 33.6%, 54.6% and 71.6%, respectively) vs baseline (6.2%, 12.5%, 27.6% and 43.3%, respectively; P < .0001 for all). After 6 months, significant reductions in HbA1c were observed across all baseline therapy subgroups ( Figure 2B ).
| Effectiveness outcomes
Overall, and across all baseline therapy groups, baseline HbA1c was a significant factor for change in HbA1c after 6 months; the extent of HbA1c reduction being dependent on baseline HbA1c.
When patients were placed into subgroups according to baseline HbA1c category (<53 mmol/mol, ≥53 to <59 mmol/mol, ≥59 to <70 mmol/mol, ≥70 to <80 mmol/mol, and ≥80 mmol/mol [<7.0%, ≥7.0% to <7.5%, ≥7.5% to <8.5%, ≥8.5% to <9.5%, and ≥9.5%]), In the overall population, body weight was significantly reduced by 0.7 (4.8) kg at 6 months vs baseline (P = .0127, n = 329), but there were insufficient data available for time points thereafter. Subgroup analysis showed, however, that weight loss was only statistically significant in the MDI group (−2.4 kg; P < .0001; Figure 2C ). medical records for these endpoints.
IDegLira initiation was associated with a reduction in the need for glucose-lowering therapies (Table S2) . Specifically, of the 481 patients across all subgroups using ≥1 OAD at baseline, 154 (32%) discontinued ≥1 OAD after IDegLira initiation. In addition, in patient subgroups receiving GLP-1RA as part of their regimen, IDegLira initiation was associated with a reduction in GLP-1RA dose from 1.3 (0.6) DDD at baseline to 1.0 (0.4) DDD after 6 months (P < .0001; Figure 3 ). Across all patients receiving insulin at baseline, total daily insulin dose was reduced by 9.2 U (95% CI −12.1, −6.3; P < .0001), but reductions varied depending on the previous regimen.
Total daily insulin dose was significantly reduced vs baseline (P < .0001; Figure 3 ) in patients previously receiving MDI; this was largely because 60.5% (78 of 129) of the patients who were receiving a prandial insulin at baseline discontinued prandial insulin within 6 months of IDegLira initiation.
Significant reductions were observed in systolic blood pressure at 6 months, while diastolic blood pressure remained similar to baseline (Table S3 ).
| Hypoglycaemia
The overall number of hypoglycaemic events in this study (including events that were non-severe, nocturnal and were not defined according to blood glucose threshold) was low. Nine patients experienced a total of 66 events of hypoglycaemia (0.28 events per patient-year) in the 6 months before IDegLira initiation vs 12 patients experiencing a total of 15 events (0.06 events per patient-year) in the 6 months after IDegLira initiation. The reduction was significant (rate ratio 0.18; P < .0001). Of the subset of patients who had follow-up data available for months 6 to 12 after IDegLira initiation, 4 patients experienced a total of 6 events of hypoglycaemia (0.04 events per patient-year) in this period. There was one severe hypoglycaemic event during treatment with IDegLira, which occurred between 6 and 12 months after IDegLira initiation.
| Discontinuation
At 6 months, 7.4% of patients (n = 45) had discontinued IDegLira.
The main reason for discontinuation (31 of 45, 68.9%) was classified under "other" and was related to ceased distribution of IDegLira in
Germany from October 2016, following a change in reimbursement status. Other reasons were insufficient efficacy, and cost and availability. Overall reasons for discontinuation during study are summarized in Figure S3 .
| DISCUSSION
The present study is the first large, multicentre, multi-country observational study on real-world initiation of IDegLira for the treatment of T2D in Europe. As such, it builds on the positive findings from the DUAL clinical trial programme but also describes real-world use of IDegLira. In the EXTRA study, patients were not selected for study inclusion based on previous therapy. Hence, this study included patients with T2D receiving non-injectable therapy, basal insulin, GLP-1RA, free combination of insulin + GLP-1RA, and MDI therapy.
This suggests that IDegLira was not always introduced as early in the treatment pathway as has been investigated in the DUAL clinical trial programme and as is recommended in the prescribing information. 12, 21 The reasons for this are unknown, but might reflect a willingness by physicians to first try this relatively recently approved agent in patients for whom other treatment options have been exhausted and who did not previously have access to IDegLira, before broadening their experience in less severe patient cases.
Importantly, however, the findings presented here do show that, while safety and effectiveness measures vary with pre-study regimens, real-world IDegLira use resulted in improved glycaemic control across all baseline therapy groups, with significant reductions in HbA1c after 6 months. Furthermore, real-world IDegLira use was associated with a low risk of hypoglycaemia, no weight gain and FIGURE 3 Changes in total insulin and glucagon-like peptide-1 receptor agonist (GLP-1RA) dose from baseline to 6 months. Baseline is defined as last recorded insulin dose before insulin degludec/liraglutide combination (IDegLira) initiation. Data based on effectiveness analysis set. Significance assessed using a two-tailed paired t test. DDD, defined daily dose; IU, international unit; MDI, multiple daily-dose insulin injections; ns, non-significant; OADs, oral antidiabetic drugs reductions in at least one class of concomitant diabetic medication across all baseline therapy groups. Also of note is that the abovementioned results were achieved at a moderate dose of IDegLira.
Both the EU summary of product characteristics and the US prescribing information recommend initiation of IDegLira at 16 dose steps/U (16 U insulin degludec + 0.6 mg liraglutide) in patients receiving basal insulin or GLP-1RA therapy, with twice-weekly titration to a maximum of 50 dose steps. 12, 21 In Europe, insulin-naïve patients are to be initiated at 10 dose steps. 12 The 42 mmol/mol to 46 mmol/mol (6.0% to 6.4%) and was achieved at a mean dose of 38 to 41 U. 17, 28 Similar differences between real-world data presented here and clinical trial data were observed for patients on basal insulin 15, 18 and GLP-1RA. 19 It is not clear why more stringent glycaemic targets were not pursued more aggressively, but reasons might relate to country-specific guidelines, the expense/ availability of further uptitration, patient-led titration being guided by fear of hypoglycaemia, and other patient characteristics (e.g. old age, concomitant therapy associated with hypoglycaemia). Nevertheless, this retrospective chart review study shows that initiating IDegLira in a real-life setting significantly improves glycaemic control, together with other safety and effectiveness variables, at a moderate dose.
With regard to other effectiveness measures, the benefit of IDegLira in terms of weight change was more substantial in some patient subgroups than others, similar to results from the DUAL clinical trial programme. 1, 13 In clinical trials, IDegLira is weight-neutral in patients uncontrolled on OADs, 16, 17, 20 whereas it is associated with weight gain in patients uncontrolled on GLP-1RAs, 19 and weight loss in patients uncontrolled on basal insulin therapy. 15, 18 Similar trends are observed in this real-world study, with the greatest benefit being observed in patients receiving MDI at baseline, in whom a significant decrease in mean body weight was observed. The significant reduction in total insulin dose in this subgroup is likely to have contributed to the weight loss observed. Conversely, the non-significant mean increase in body weight in insulin-naïve subgroups is probably a result of the addition of insulin when IDegLira is initiated and is consistent with trial data.
One limitation inherent to all non-interventional studies is that the introduction of a new drug might be associated with improved adherence and/or closer follow-up simply by virtue of its novelty.
However, HbA1c reductions were maintained over 12 months, indicating that a non-specific initial improvement in adherence was not responsible for the observed results. This study had several other limitations, some of which are typical for observational studies; for example, a lack of a head-to-head comparator or control group, the impact of missing data in medical records and the variability between data abstractors. Minimal available data for this study were such that HbA1c was the only endpoint available for all patients. Hypoglycaemic events were limited to those recorded by the investigator, based on the information in the medical records. Other endpoints pertinent to IDegLira use, such as patient-reported outcomes, were not assessed so it is not possible to comment on the benefit of fewer injections from a patient's perspective. A lack of diversity in this study population warrants further studies in patients from other countries, ethnicities and backgrounds. The majority of patients (n = 450) were from Germany, where IDegLira distribution was discontinued during the study period. Consequently, the most common reason for discontinuation of IDegLira was "other" and not related to safety issues. Further analysis is therefore required to establish the effect of discontinuation of IDegLira distribution in Germany on the results.
In conclusion, the findings from this study show that in a realworld European population, IDegLira is used as an intensification strategy for patients receiving a broad variety of treatment regimens.
IDegLira initiation results in a reduction of HbA1c, low rates of hypoglycaemia and no weight gain in patients with T2D in a real-world setting. Based on findings in patients uncontrolled on OADs either alone or in combination with basal insulin or GLP-1RA from the IDegLira clinical trial programme, greater improvements might be expected when introducing IDegLira at an earlier point in the treatment pathway, but the results described here suggest that patients can derive benefit from IDegLira at a later stage than currently appreciated. The results of this study are therefore pertinent to physicians who are considering the most appropriate therapy for patients who are failing to achieve glycaemic control targets or struggling with side effects such as weight gain and hypoglycaemia. 
